Abstract Cytotoxicity and giant cell formation induced by lemon yellow and orange red synthetic food colorants were evaluated in the present study. The aqueous solutions of both the dye solutions were tested for cytotoxicity using Allium cepa assay. Frequency of giant cells were determined after treating the root tips with different concentrations of both food colorant solutions viz., 0.005, 0.01, 0.05, 0.1 % for varying time durations (1/2, 1, 2, 3 h). These colorants may cause giant cell formation primarily by interfering with the normal course of mitosis. Giant cells showing multiple aberrations viz. bridged and binucleate condition, cellular fragmentation, nuclear lesion, double and multiple nuclear lesions, double nuclear peaks and cellular breakage, elongated nucleus, nuclear budding, hyperchromasia, micronucleus, nuclear erosion, pulverized nucleus etc. were induced in root tips treated with both of the colorants. The orange red food colorant is observed to be more toxic because it recorded higher percentage of giant cell induction when compared with lemon yellow [27.93 % (Lx 4 , 3h) and 28.07 % (Ox 4 , 3h)].
Introduction
Studies on the toxicity of synthetic food additives have immense relevance in today's world, since they cause a number of dreadful diseases. Today human beings have been directly exposed to various chemical substances. Use of chemicals by man is increasing day by day either as preservatives or as coloring medium. Food colorants are dyes, pigments or substances that can impart color when added to food items. Synthetic food colorants are one of the major groups of synthetic food additives. Lemon yellow and orange red synthetic food colorants are the most commonly used food colorants. The excessive use of these colorants results in dreadful toxic effects in organisms. Uses of such chemicals are very specific and are cautioned under the prevention of food and adulteration act (section 28, 1955) . The regular use of synthetic food colors in various foodstuffs is a major problem with respect to human health (Somesh et al. 2005) . But people use different non-permissible chemical dyes indiscriminately in varying concentrations for personal benefits, since general public is not aware of the chemical composition of these dyes (Hossain et al. 2002) .
Synthetic food additive colours have been introduced in our food in order to give an attractive colour to it. They are used in many forms such as liquids, powders, gels and pastes, in commercial food production and domestic cooking. The use of synthetic food additives in general and colours in particular has recently increased considerably. The criteria for the quality of food products are apart from microbiological aspects, generally based on the colour, flavor, texture and nutritive value. However, one of the most important sensory qualities of a food product is the colour and the synthetic dyes monitoring (Sorouraddin and Saadati 2010) .
It has been noticed that most of the applied synthetic food colours have properties similar to the mutagenic chemicals. Evidences have accumulated in the last few years to indicate that a large number of synthetic food additives are capable of inducing genetic diseases to human (Miller et al. 1996; Karen et al. 2006; Martin 2007) .
Repeated exposure to even the permitted synthetic colours may be hazardous. Many of these dyes are originally derived from coal tar, commonly called coal-tar dyes, containing the azo group. By definition, colored chemicals are active chemicals, requiring greater care than bland additives such as emulsifiers (Saleem et al. 2013) .
For each of the permitted colours the joint FAO/ WHO expert committee of food additives has set an acceptable daily intake (ADI). The acceptable daily intake (ADI) has been defined as the amount of a substance that can be consumed everyday throughout the lifetime of an individual without any appreciable health effects (JECFA 1995) .
The formation of giant cell is one of the major consequence produced due to the indiscriminate use of synthetic food colorants. Giant cells are formed when cells attempting to undergo mitosis, fail to complete cytoplasmic division. They grow in size and undergo DNA replication and nuclear division before they die (Kenne et al. 1986 ). Earlier studies had proven that artificial yellow dye caused a decrease in mitotic index at all the concentrations tested and induced wide spectrum of chromosomal abnormalities (Hossain et al. 2002) . Cytotoxic effects of many synthetic dyes have already been tested in life systems (Khanna and Mukul 1991; Kaur et al. 1993; Shukla and Datta 1999; Sudhakar et al. 2001 ). The present study envisages cytotoxic aspects of synthetic food colorants, lemon yellow and orange red using Allium cepa assay.
Materials and methods

Collection of test materials
The synthetic food colorants, lemon yellow containing tartrazine (CAS No. 1934-21-0) and orange red containing both carmoisine and sunset yellow (CAS No. 2783-94-0) were purchased in pure form from the local market.
Preparation of test solution
To make the stock solution, 1 g of both colorants was weighed and dissolved in 100 ml distilled water. Distilled water and 0.01 % methyl parathion was taken as the negative (C -ve ) and positive control (C ?ve ) respectively. The parameters studied included mitotic index and percentage of giant cells induced.
Giant cell formation
The induction of giant cells by synthetic food colorants, lemon yellow and orange red was screened using A. cepa root tip meristematic cells, which have been used extensively in the screening of drugs or various compounds with cytotoxicity or antimitotic activity.
Certified bulbs of A. cepa, purchased from agricultural vendor were germinated over water before being transferred to each of the test dye solutions. When the roots were about 5 mm long, the bulbs were placed on beakers containing the dye solutions of four different concentrations (0.005, 0.01, 0.05, 0.1 %), such that the roots were immersed in the dye solutions. The duration of treatments for each concentration of both dye solutions was , 1, 2 and 3 h. Bulbs with sprouted roots were also treated with negative (C -ve ) and positive (C ?ve ) control. The experimental set up had three replicates. The root tips were harvested after the treatment duration, washed and fixed in Carnoy's fluid (1 part of glacial acetic acid: 2 parts of absolute alcohol) for 1 h. Mitotic squash preparation was done with the help of improved techniques (Sharma and Sharma 1990) . Hydrolysis with 1 N HCl for 5 min and staining with 2 % acetocarmine for 4 h were carried out.
All the slides were scanned under Magnus microscope, tabulated and photomicrographs were taken with an Olympus Camedia C-4000 zoom digital camera (Tokyo, Japan) and AmScope MU Series digital camera. The numbers of dividing and non-dividing cells as well as the number of giant cells at different mitotic phases were recorded. Incidence of chromosome aberrations was calculated by expressing the number of aberrant cells as a percentage of total dividing cells for each treatment. 
Statistical analysis
Data obtained on mitotic index and chromosomal aberrations were subjected to statistical analysis. Duncan's multiple range test and one way ANOVA was performed to determine mean separation and significance of treatments using SPSS version 20, SPSS Inc.(Chicago, IL, USA). Data were expressed as mean ± standard error of mean (SEM). p \ 0.05 was considered to be statistically significant.
Results and discussion
The results revealed drastic toxic effects of both synthetic food colorants on A. cepa root tip meristematic cells. The synthetic food colorant treated cells showed inhibition of cell division ( . Mitotic index values were observed to be inversely proportional to Hossain et al. (2002) have observed that the artificial yellow dye cause decline in mitotic index with increase in dye concentration and duration of treatment. The complete arrest of cell division in A. cepa root meristematic cells when treated with orange red synthetic food colorant was also observed by Joseph and Siril (2010) .
Cell division was found to be normal in the root tips treated with negative control. The giant cell induction scored slightly higher values [27.93 % (Lx 4 , 3 h) and 28.07 % (Ox 4 , 3 h)] in treatments when compared with C ?ve [27.91 % (3 h)]. Formation of giant cell was the most frequent abnormality observed in both treatments. It may be due to the interference of food colorants with the normal course of mitosis. The number of giant cells was also observed to be increasing with the concentration and duration of treatment of the aqueous dye solutions. Giant cells containing multiple aberrations observed include bridged and binucleate condition, cellular fragmentation, nuclear lesion, double nuclear lesion, double nuclear peaks and cellular breakage, elongated nucleus, nuclear budding, hyperchromasia, micronucleus, multiple nuclear lesions, nuclear erosion, pulverized nucleus, unequal condensation in early prophase, pole to pole metaphase arrangement with a fragment, nuclear peaks at cytokinesis, macro and microcell formation, etc. (Fig. 3a-p) .
The active ingredient of the synthetic food colorant lemon yellow is tartrazine [E102] (Gao et al. 2011) and that of orange red is carmoisine [E122] (Sorouraddin and Saadati 2010) and sunset yellow [E110] (Atri et al. 2014) . These chemicals belong to azo group of food colorants, and are metabolized into aromatic amines, which can generate reactive oxygen species by interaction with nitrate or nitrite containing substrates in the cells (Amin et al. 2010) . The reactive oxygen species (ROS) such as superoxide anion, hydroxyl radical and H 2 O 2 could be produced in the metabolism of nitrosamines and increase oxidative stress (Bansal 2005) . Thus the ROS generated may oxidize and damage lipids, proteins and DNA and lead to overall cytotoxic effects (Bakkali et al. 2008 ). The immunosuppressive effect of tartrazine was also reported by Koutsogeorgopoulou et al. (1998) .
Inhibition of cytokinesis following telophase is responsible for binucleated cell formation (Majewska et al. 2003) . Earlier reports suggest that the presence of nuclear lesions offer cytological evidence for the inhibitory action on DNA biosynthesis (Akaneme and Iyioke 2008; Mercykutty and Stephen 1980) . Pulverized nucleus may arise due to the premature condensation of chromosome (Sakari et al. 1981) . Progressive heterochromatinization seems to be the reason for hyperchromasia (Gernand et al. 2005) . Nuclear buds arise as a result of the excessive production of nucleic acids and proteins, induced by the cytotoxicants (Hellgren and Morre 1992) . Micronucleus may originate from a lagging chromosome at anaphase or from a chromosome fragment (Badr and Ibrahim 1987) .
All mitotic phases show significant induction of giant cells when treated with both of the food colorants, of which interphase shows higher percentage and cytokinesis shows negligible rate. The orange red synthetic food colorant is observed to be more toxic because it recorded higher percentage of giant cell induction when compared with lemon yellow. Both of these colorants shows higher percentage of giant cell formation than C ?ve when the root tips were treated with 0.1 % of dye solutions for 3 h. One way ANOVA showed that there was a significant effect of treatment on mitotic activity. Post-hoc analysis using Duncan's multiple range test showed that the activity of both of the dyes were significant (p \ 0.001) when compared with that of control.
Giant cells are formed when cells attempting to undergo mitosis fail to complete cytoplasmic division. They grow in size and undergo DNA replication and nuclear division before they die (Kenne et al. 1986 ). The giant cells induced by artificial yellow dye were also observed by Hossain et al. (2002) . Mpountoukas et al. (2010) has also observed a decrease in mitotic index and increase in genotoxicity when certain food colorants were studied on human peripheral blood cells in vitro.
According to Cross et al. (1995) , Fukasawa et al. (1996) and Morgan et al. (1996) multinucleate giant cell is formed because of the blocking of karyokinesis after replication, resulting in the formation of tetraploid giant cell. Some of the aberrations seemed to be formed during the last mitotic division cycle since no Cytotechnology (2016) 68:443-450 447 replicated chromosome aberrations were seen in these giant cells. Giant cells can be induced either by physical means or by employing chemicals, which are capable of affecting the cell cycle especially in the 'S' phase. Here the cell division may be partially arrested due to the toxic effects of food colorants and it may be the reason for the reduction in mitotic index in treatments, followed by mitotic arrest. Cell expansion seems to be induced and as a result the cells become large giant cells. The frequency of giant cells can be increased depending upon the dosage and duration of the treatment with cytotoxic agents (Verma and van Huyste 1971) . Moreover, it had been experimently proven that giant cells are subjected to various kinds of stress and normally they cannot cope with the enormous size of the protoplasm thus they are liable for injury (Menzel 1988) . Joseph and Siril (2010) also observed the frequent occurrence of giant cells after Allium root tips having been treated with orange red synthetic.
X ray-irradiation can also interfere with the highly ordered sequence of events in cell division which affects cell cycle progression and hence causes giant cell formation (Baumstark-Khan et al. 1986 ). Spontaneous premature condensation, probably due to radiation-induced cell cycle delays the late S and G2 phases enhances the intracellular levels of cyclins B1 and may play a role in the mechanism underlying radiation-induced giant cells (Ianzini and Mackey 1997) . Giant cell formation in human embryo cells after X-ray irradiation was observed by Roy et al. (1999) . Crocidolite and chrysotile induced giant cell formation was reported by Hong and Choi (1997) . The multinucleate giant cell was known to be associated with the final common pathway of germinal cell disintegration in animals treated with different chemicals (D 'Souza 2003) . Administration of sodium fluoride together with aluminium chloride on adult male mice for 30 days resulted in structural alterations in the testis with formation of giant cells (Chinoy et al. 2005) .
The present study clearly indicates that both of these synthetic dyes have genotoxic effects on living system. It warrants the danger of illegal and indiscriminate use of such dyes in food and other consumable items. Chung et al. (1978) reported that azo dyes such as tartrazine and sunset yellow used widely can be reduced to aromatic amines by the intestinal microflora and hence cause intestinal cancer. An earlier report stated that the metabolism of azo dyes derived from benzidine when converted to aromatic amines by intestinal bacteria is potentially carcinogenic (Combes and Haveland-Smith 1982) .
Mitotic interference induced by food colorants physically may be closely related with carcinogenicity. The giant cell containing multiple aberrations indicate that both the food colorants, especially at higher concentrations, are capable of causing changes In summary, giant cells can be useful in evaluating the effects of synthetic food colorants on animal and human cells since multinucleate giant cells can easily be counted and the ability to induce formation of giant cells reflects the ability to interfere with mitosis. This index of mitotic disturbances seems to be a useful marker in the carcinogenesis assay of synthetic food colorants. The toxicity of these synthetic food colorants recorded in the present study needs follow-up research including further tests using cell lines and animal systems. a Bridged and binucleate cell, b cellular fragmentation, c nuclear lesion; d double nuclear lesion, e double nuclear peaks and cellular breakage, f elongated nucleus, g nuclear budding, h hyperchromasia, i micronucleus, j multiple nuclear lesion, k nuclear erosion, l pulverized nucleus, m unequal condensation in early prophase, n pole to pole metaphase arrangement with a fragment, o nuclear peaks at cytokinesis, p macro and microcell formation. Bar 10 lm
